This work put forward a facile method for obtaining assembly of aluminum (Al) nanosheets on an Al substrate by hydrothermal process. The results revealed that the ammonia was crucial for forming the assembly of Al nanosheets. In addition, the morphology and microstructure of the as-prepared Al nanosheets were strongly dependent on the hydrothermal temperature. Further, the influence of surfactant on the morphology of Al nanostructures was discussed that the nanosheets could be obtained under CMC of Span-80. A mechanism for forming the assembly of Al nanostructures was proposed that the erosion process based on the vacancies and defects of Al film determined the morphologies of Al nanosheets according to the experimental results.
Introduction
Advanced nanostructured materials are of fundamental interests to chemistry and materials science [1] [2] [3] . Especially, nanostructured metal has aroused wide attention due to their unique optical, electrical, and magnetic properties, which are distinct from their bulk counterparts. Therefore, to design, pattern, and assemble them into functional threedimensional networks become significant challenges for practical nanodevices. Metallic aluminum (Al), as one of important metallic materials, has been widely used in physics, chemistry and biology. The flake Al as one of the most important metal pigments has been widely used in various fields, such as architecture, automotive, chemical industry, and printing. For the battery materials, the aluminum/air battery is one of the most important metal/air batteries, and especially suitable for being a power device. For these different applications, different-shaped nanostructures of Al, such as nanoparticles [4] [5] [6] [7] , and nanowires [8] , have been obtained by using a variety of synthesis systems. For example, Al nanowires have been obtained via a vapor-deposition method through the evaporation of Al films clearly exhibited a smaller lattice constant; and smaller thermal expansion coefficient compared with the Al film [9] . Compared with high-temperature techniques, low-temperature solution reaction approaches are more attractive for their merits such as simplicity, commercial feasibility, and good potential for scale-up. Up to now, still few investigations were made on the effect of basic solution on metallic aluminum sheet and fabricated densely packed aluminum nanosheet as film on flat solid substrates.
In this letter, we described a facile method to prepare assembly of Al nanosheets directly onto the surface of Al foil under basic catalytic hydrothermal reaction. Our strategy to control the shape and orientation of crystallites consists of growing thin-film materials directly onto substrates. The results showed that ammonia was crucial for facilitating the formation of Al nanosheets, and the surfactant promoted the formation of regular nanosheets. The obtained assembly of Al nanosheets was promising for being used in the areas such as noise elimination and battery.
Experiments
A commercial aluminum slice, 0.3 mm in thickness, was sealed in vacuum tube and annealed at 500
• C for an hour to remove organic impurities. The aqueous ammonia (NH 3 ·H 2 O), ethanol (C 2 H 6 O, i.e., EtOH), and sorbitan monooleate (C 24 H 44 O 6 , i.e., Span-80) were purchased from Figure 1 : SEM images of Al nanosheets prepared at different hydrothermal temperatures (a) 120
Tianjin Kermel Chem. Rea. Co, Ltd. and used as received. First, the treated aluminum slice was washed by ethanol and acetone several times, and consequently dried in flowing nitrogen atmosphere. Following that, a piece of aluminum about 10 × 10 mm in size was added in the mixed solution including ammonia, ethanol, and Span-80 (the ratios of components were presented in Table 1 ). The mixed solution was stirred vigorously for 1 h and then put into a teflonlined stainless steel autoclave of capacity 50 mL up to 80% of the total volume. The autoclave was maintained at 120-180
• C for 12-24 h and then cooled to room temperature. The obtained metallic foil was washed with distilled water and EtOH for several times and finally dried in vacuum at 60
• C for 6 h. The morphology images of the samples were recorded by scanning electron microscopy (HITACHI S-4300). Wideangle X-ray diffraction (XRD, Rigaku-D/max-γpc instrument) was used to characterize the crystalline phase.
Results and Discussion
The synthesis parameters for obtaining the nanostructures of metal Al are listed in Table 1 . The ratios between H 2 O and Span-80 were changed for different samples.
The typical SEM images of products prepared without Span-80 are shown in Figure 1 . It is found that the wormlike nanosheets were obtained with a typical width of 25 nm and a length of up to 100 nm by the hydrothermal reaction at 120
• C (Figure 1(a) ). however, the rectangular nanostructures were found with sides measuring of 50-500 nm and a thickness of 20-50 nm when the reaction temperature was in Journal of Nanomaterials the range from 140 to 180 • C (Figures 1(b) to 1(d) ). That is, the average thickness of the prepared aluminum nanosheets at 140
• C, 160
• C, and 180
• C was 20 nm, 35 nm and 50 nm, respectively. Additionally, the samples synthesized at 160
• C showed more regular nanosheet structures than other samples. These results suggested that the hydrothermal temperature played a crucial role on the morphologies of Al nanosheets. Further, the Al nanosheets prepared at high hydrothermal temperature showed the smooth surfaces, and the width of nanosheets was increased with increasing the hydrothermal temperature. Therefore, it is predicated that the thickness and the surface morphology of the Al nanosheets could be simply tailored by adjusting the hydrothermal temperature. Figure 2 (a) reveals the XRD patterns of the as-deposited Al nanostructures, confirming the crystalline structure of tetragonal Al. The XRD patterns were well consistent with JCPDS card no. 04-0787. It should be noted that there were no peaks attributable to aluminum oxide, indicating that these Al nanostructures were free of the commonly encountered oxidation that occurred in many preparation processes. The different ratios between length and width of products were shown in Figure 2(b) . It could be found that the products synthesized at 160
• C exhibited a higher ratio than other samples. This result was consistent with the conclusions obtained from Figure 1 . It is also to be noted on the other hand that the increase in length size of the alumina particles was not so prominent but the increase in width was obvious with increasing the hydrothermal temperature, probably indicating that with increasing surfactant concentration above CMC, there was no significant increase in the size of the "water pool" to affect the surfaces of aluminum sheets [9] .
These results reveal that the surface nanostructures of Al foil could be controlled by adjusting hydrothermal reaction temperature under basic conditions. Additionally, the surfactant of Span-80 also played an important role in modifying the nanostructures of Al foils. Figures 3(a) to 3(c) showed the SEM images of different Al nanostructures synthesized at 140
• C with various concentrations of Span-80. It was found that the length of Al nanosheets was increased with increasing the concentration of Span-80 from 1% to 8% (Vol.%).
In addition, the morphologies were changed from smooth rectangular to coarse nanosheets. Probably, this occurred due to insufficient decrease in water-oil interfacial tension and correspondingly, incomplete break down of the sol droplets. But the breakdown of sol droplets to nanometric sizes was also affected by an optimized amount of the surfactant [9] . These results may be related to the molecular structure of Span-80. The formation process of Al nanostructures was proposed in Figure 3(d) . As shown in Figure 3(d) , lots of vacancies and defects were existed on the surface of Al foil. During the hydrothermal reaction, the erosion process was occurred under basic condition when there was no Span-80 in the system. When the surfactant was added, as the Al-O groups on the surface of Al foil exhibited hydrophilic properties, the hydrophilic groups of Span-80 could be adsorbed on the surface of Al substrate by the electrostatic attraction. Then, a thin protective film was formed. The surface of Al foil could be further wetted and corroded by the mixed solution with increasing the concentration of Span-80, which accelerated the erosion of Al film. Then, the thin Al nanosheets were synthesized and the ratio of width to thickness was increased. In addition, the ammonia was another key factor to influence the morphology of products. In this experiment, the addition of ammonia accelerated the erosion process of Al substrate. Also, the concentration of Span-80 limited the reaction between Al substrate and ammonia. Therefore, the nanosheets were synthesized by increasing the concentration of Span-80.
Conclusions
In this paper, we discussed a facile method for obtaining assembly of aluminum (Al) nanosheets on an Al substrate by hydrothermal process. The results showed that the morphology and microstructure of the as-prepared Al nanosheets were strongly dependent on the reaction factors. Ammonia was a crucial factor for formation of the nanosheets. In addition, the morphology of Al nanosheets was strongly depended on surfactant of Span-80. Further, a mechanism for forming the assembly of aluminum nanosheets was Journal of Nanomaterials 5
proposed. The approach presented here opened a new light in the application of hydrothermal method in preparing metal nanostructures, and the formed assembly of Al nanostructures are promising to be used in the fields of physics, chemistry, and biology.
